To evaluate the effects of preconditioning with oils mixes containing ω3/ω6/ω9 associated with micro-currents on skin repair in rats.
Introduction
Wound healing is a complex process that involves a series of biochemical and cellular reactions and. occurs as a sequence of events, which includes inflammation, proliferation, and migration of different cell types 1 . After forty-eight hours the inflammatory infiltrate consisting of monocytes is predominantly due to the short lifetime of neutrophils. Leukocytes play phagocytosis on the aggressors, promoting the death of microorganisms, leading to the release of products to the extracellular medium, increasing the initial inflammatory effect 2 .
Vascular changes consist of a cascade of activated and controlled chemical mediators reactions. These mediators act on the microcirculation, leading to increased vascular permeability and can be classified by mediators of fast-transient action and long-acting mediators 2 . Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) is a nuclear transcription factor that is activated by lipopolysaccharide agents and has the ability to bind to a sequence of 10 base pairs of the promoter region of the gene encoding the light chain of the molecules of KB cells 3 .
Regardless of the stimulus, there may be involvement of reactive oxygen species and increased intracellular calcium for activation of NF-kB. When not stimulated NF-kB is found in the cytoplasm, bound to an inhibitory protein, IKB; this complex prevents the translocation of NF-kB to the nucleus. Thus, phosphorylation and degradation of IkB are required for translocation 4 .
Heat shock response is one of the protective mechanisms evolutionarily acquired and is promoted by heat shock proteins (HSP), which retain their intact structures under such conditions, assisting in the maintenance and proper formation of proteins 5 .
HSP-27 is a heat shock protein with low molecular weight that interact with polyunsaturated fatty acids. These proteins have molecular weights between 18 and 30kDa and are called small HSPs (small HSP). Its constitutive expression can be found in the nucleus and in the cytoplasm and are functionally involved in preventing denaturation of proteins and protection against cell injury and death 6 .
Peroxynitrite anion (ONOO−), the product of the reaction between superoxide anion (O 2 .-) and nitric oxide (·NO) and its conjugated acid, peroxynitrous acid (ONOOH), are potent oxidants known to be formed in vivo 7 . Peroxynitrite can enhance inflammatory mediator pathways 6 n -3) and linoleic acid (LA, 18:2 n-6), a precursor of arachidonic acid (AA , 20:4 n -6). Both ALA and LA can not be synthesized by the human body and interconverted [10] [11] .
Methods
Approval for experimental use of laboratory animals was 
Histopathological analysis
Tissue specimens (skin fragments measuring 1x1cm) were processed routinely for light microscopy (fixating, dehydrating, embedding, cutting, and staining with hematoxylin and eosin [HE] . The analysis of histological sections was performed by the same pathologist blinded to the identification of groups. The data was classified according to the intensity of the healing process 14 and transformed into quantitative variables as follows: ST=stimulated, NS=non-stimulated Samples were collected from each subgroup on the 7th (n = 6), 14th (n = 6) and 21st day (n = 6) of the experiment. After sample collection, the animals were killed by an overdose of anesthetics (ketamine 500mg/kg + Xylazine250mg/kg) FIGURE 1 -Detail of the dorsal incision, extending from a line connecting the inferior border of the scapulae and down for 6 cm as originally described by Borba 13 .
Exsudates: 0=normal intensity, 1=mild; 2=moderate and 3=intense
Epithelialization: 0=absent, 1=partial, 3=total
Fibrosis: 0=absent, 1=mild, 2=moderate, 3=intense
Vascularization: 0=absent, 1=mild, 2=moderate, 3=intense
Immunohistochemistry analysis
The (Digitimer Ltd, Hertfordshire, England).
Statistical analysis
Statistical analysis was performed using Graphpad Prism 5.0 (GraphPad Software, San Diego California USA, www.graphpad. com). After testing all data for distribution, ANOVA/Bonferroni, Kruskal-Wallis or Mann-Witney tests were used, as required. The significance level for rejecting the null hypothesis was 5% (p<0.05).
Results

Effect of oil mixes (G2 and G3 groups) on exsudates and re-epithelialization of skin lesions in rats compared to negative control
Groups G2 and G3 rats (non-stimulated rats, treated with oil mixes) presented no significant differences when comparing exudates and re-epithelialization variables with control groups, in timepoints 14 and 21 days. However there was a significant difference between rats on the 7th day regarding both the exudates (p<0.05) and the re-epithelialization (p<0.01) ( Table 2) .
TABLE 2 -Effect of oil mixes (G2 and G3 groups) on exudates and re-epithelialization of skin lesions in rats compared to negative controls.
Group G1, Negative Control (Saline); Group G2, Neutral control (ω-3+ω-6+ω-9); Group G3, test (ω-6+ω-9),. non-stimulated groups. The data represent Median+range (minimum-maximum) of microscopic scores. Tissue samples were collected on 7 th , 14 th and 21 th days after injury. Kruskal-Wallis/Dunn tests. Differences of G2, G3 groups (time points 14 and 21 days) compared to G1 are not significant. Differences on exsudates and re-epithelializaiton was identified in G2 and, G3 rats (*p>0.05, **p<0,001 compared with G1)
Effect of oil mixes (G2 and G3 groups) on fibrosis and vascularization of skin lesions in rats compared to negative control
Significant decrease in fibrosis and on day 14 in G2 and G3 and and in vascularization in G3 rats, compared with control was identified. Furthermore significant decreased vascularization on the 7th post-operative day was observed in G2 rats compared to G1 (Table 3) . 
Effect of oil mixes (G2 and G3 groups) on exsudates of skin lesions in rats compared to sham subgroups
Significant increase (p<0.05) on exudates on day 7
was identified when G1 rats were compared to sham subgroup (Table 4) .
Effect of oil mixes (G2 and G3 groups) on reepithelization of skin lesions in rats compared to sham subgroups
Values were significantly different on day 7 (p<0.01) comparing stimulated vs. Sham groups. No significant differences occurred on Day 14 and Day 21 timepoints (Table 5) . 
TABLE 5 -Effect of saline (G1) or oil mixes (G2 and G3 groups) on re-epithelization of skin lesions of rats comparing Stimulated to Sham subgroups.
Effect of oil mixes (G2 and G3 groups) on HSP27, nuclear transcription factor kappa b (NF-kB) and nitrotyrosine (NT) immunohistochemical results on the seventh day, in non-stimulated rats compared to negative control
HSP27 and NT expression levels were not significant different on the 7th day. However, NF-kB expression levels were significantly greater (p<0.05) in G2 rats compared to G1 at the same timepoint (Table 6 TABLE 6 -Heat shock protein 27 (HSP27), nuclear transcription factor kappa b (NF-kB) and nitrotyrosine (NT) immunohistochemical results on the seventh day, in non-stimulated rats treated with saline (G1) or oil mixes (G2 and G3 groups). G1 = Negative Control -Saline, G2 = Neutral control, ω-3+ω-6+ω-9, G3=test, ω-6+ω-9., non-stimulated groups. The data represent Mean values (± standard deviation) or median (range) of cells count from three specific markers on immunohistochemistry. ANOVA/Bonferroni or Kruskal-Wallis/Dunn tests as required. *p<0.05 compared with G1. 
Histopathology
Discussion
The relationship between endogenous electrical activity and wound healing has been investigated in several areas of clinical practice and has been well documented [15] [16] [17] .
M i c r o c u r r e n t electrical neuromuscular stimulation (MENS), applied for treating ulcers by venous impairment accelerates the healing process 18 . A previous study 16 demonstrated an increase of ATP generation in the skin of rats subjected to MENS, which makes evident the increase of In the present study, the administration of oil mixes before surgery without associated electric stimulation had no beneficial effects on the healing (exsudates and epithelialization (Table 2 ) of wounds on the 14 and 21th day timepoints. However, significant effects were observed on the 7th day timepoint demonstrating a positive effect of the oil mixes. On the other hand the absence of significant differences between oil+microcurrent stimulation groups and control group (saline) concerning exudate and epithelialization variables opposes the result found in another study where the application of Jatropha curcas L. seed oil alone was not effective on experimental wound healing when compared to control, but microcurrent application alone or combined with the oil exerted significant differences in the parameters studied.
The use of ω-6+ω--9 oils (corn+soybean oils) promoted a significant decrease in vascularization on the 7th post-operative day and decreased fibrosis on 14th day (Table 3) . When ω-3+ω-6+ω--9 mix (olive+canola+flaxseed oils) was used the same effects were observed at day 7 only. Therefore, when a single dose of corn+soybean oils is given, these effects last up to the 14th day.
Tissue expression of nitrotyrosine and HSP27 showed no statistical difference when comparing groups and timepoints.
The results demonstrate that preconditioning with oil mixes as well as microcurrents do not promote and increase in nitrotyrosine and HSP27 expressions in the skin of rats in this experimental model. However the increase in NF-kB expression (p<0.05) in G2 rats compared to G1 on the 7th day. shows the beneficial effect of corn+soybean oil mix during the first phase of the healing process.
Conclusion
Preconditioning with microcurrents has proinflammatory effects while oil mixes 1 and 2 decrease fibrosis and vascularization in the proliferative phase of cicatrization, whereas preconditioning with microcurrents or mono and polyunsaturated oils induces no alterations in scar repair.
